Introduction
Boundary layer flows of viscous fluids induced by an accelerated infinite vertical porous flat plate have received considerable attention due to their many technological and industrial applications, particularly in the field of cosmical and geophysical sciences. Since the pioneering work of Sakiadis [1] such flows have been studied extensively through various aspects. The literature on the topic is quite abundant. Some recent contributions have been made by Hayat et al. [2] [3] [4] [5] [6] [7] [8] [9] [10] , Asghar et al. [11] [12] [13] , Raptis et al. [14] [15] [16] [17] , Bataller [18] , Cortell [19, 20] , * E-mail: haiderzaman67@yahoo.com Ariel et al. [21, 22] and Khan et al. [23] [24] [25] . Hayat et al. [2] [3] [4] [5] [6] [7] [8] [9] [10] have studied flows of second grade, third grade, fourth grade, Oldroyd 6-constant, micropolar and Johnson Segalman fluids for various situations with and without heat transfer analysis, and with and without magnetohydrodynamics effects. Asghar et al. [11] [12] [13] have discussed flows of non-Newtonian fluids with Hall effect and heat transfer. Raptis et al. [14] [15] [16] [17] have investegated free convection flows under different conditions. Bataller [18] discussed effects of heat on flows of a viscoelastic fluids over a stretching sheet. Cortell [19, 20] also studied flow over a stretching sheet. Ariel et al. [21, 22] discussed flow over stretching sheet with partial slip. Khan et al. [23] [24] [25] have discussed flows of Sisko and Burgers' fluids with Hall effect.
Das et al. [26] have considered numerical solution of mass transfer effects on unsteady flow past an accelerated vertical porous plate with suction. The purpose of this communication is to revisit the problem discussed in case of Das et al. [26] for the series solution with HAM. HAM is a reliable method which has been already used by several researchers [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] in finding the series solutions of many problems.
Series solution for the velocity field, temperature field and concentration distribution
The problem in [26] is
where prime indicates the differentiation with respect to η only, > 0 is the suction parameter, α is the porosity parameter, G is the Grashof number for heat transfer, G is the Grashof number for mass transfer, P is the Prandtl number, S is the Schmidt number, is the velocity field, θ is the temperature field and C is the concentration distribution.
Zeroth-order deformation problems
For series solutions the initial approximations of (η), θ (η) and C (η) are taken in such a wary that they must satisfy the boundary conditions. The boundary conditions in Eqs. (4), (5) and (6) leads us to assume following initial approximations
and the auxiliary linear operators are
where C ( = 1 − 6) are arbitrary constants. From Eqs. (1), (2) and (3) we define the non-linear operators
and then construct the following zeroth order problems
where ( = 1 2 3) are the non-zero auxiliary parameters and ∈ [0 1] is an embedding parameter. For = 0 and = 1, one may write
As the embedding parameter increases from 0 to 1, (η ), θ(η ) and C (η ) varies (or deforms) from 0 (η), θ 0 (η) and C 0 (η) to (η), θ(η) and C (η) respectively. Through Taylor's theorem and Eqs. (25) , (26) and (27) , one can write
Obviously, the convergence of the series (28), (29) and (30) (28), (29) and (30) are convergent at = 1, then we obtain
mth-order deformation problems
The − deformation problems are
By means of symbolic computation software MATHEMAT-ICA, the solution of above problems are
Invoking Eq. (47) into Eq. (37), Eq. (48) into Eq. (39) and Eq. (49) into Eq. (41), we get the following recurrence formulae for the coefficients 1 , 2 and 3 of (η), θ (η) and C (η) respectively as follows for ≥ 1, 0 ≤ ≤ 2
The corresponding M order approximation of Eqs. (1)- (4), (2)- (5) and (3)- (6) are
and the analytic solution are
(74) The coefficients 1 , 2 and 3 can be computed by using
given by the initial guess approximations in Eqs. (7), (8) and (9).
Convergence of the analytic solution
Clearly Eqs. (72), (73) and (74) contain the auxiliary parameters 1 , 2 and 3 respectively, which give the convergence region and rate of approximation for the homotopy analysis method. For this purpose, the -curves are plotted for , θ and C . From Fig. 1 for (η) we observe that the range for the admissible value for 1 is −0 55 < 1 < 0. From Fig. 2 for θ (η) the range for the admissible values for 2 is −1 6 < 2 ≤ −0 1. Fig. 3 for Fig. 4 depicts that 1 = −1 5 is valid for 0 < α < 8, 1 = −1 is valid for 0 < α < 10, 1 = −0 7 is valid for 0 < α < 13. 
Results and discussion
Now we discuss the variation of the horizontal velocity component (η) with distance from the surface η for different values of the suction parameter , porosity parameter α, Grashof number for heat transfer G , Grashof number for mass transfer G , Prandtl number P , and the Schmidt number S . The graphs are plotted for the 15 order of approximations. Fig. 8 shows the variation of horizontal velocity component (η) with distance from the surface η for several values of the suction parameter . It is observed that for the fixed values of α, P , S , G and G , with the increase in suction parameter the horizontal component of the velocity decreases at all points. It is also observed that greater suction leads to a faster reduction in the velocity field. it is observed that with the increase in porosity parameter velocity field decreases at all points. Fig. 10 depicts the effects of G and G on the horizontal component of the velocity (η) for α = 1, P = 0 71 and S = 0 22. It is observed that with the increase in Grashof number for heat transfer G and mass transfer G the horizontal velocity component (η) increases at all points. The comparison of curves in Fig. 10 also shows that mass transfer has a dominant effect on the velocity field (η). Fig. 11 eluci- number P . Fig. 12 shows that by keeping Prandtl number P fixed, with increase in suction parameter decreases the temperature of the flow field at all points. Fig. 13 depicts the variation of temperature field θ (η) with η for several values of Prandtl number P and for a fixed value of suction parameter . It is observed that with the increase in P temperature of the flow field decreases at all points.
Graphs are also plotted for the concentration distribution C (η) for 22 order of approximations. These graphs show variation of C (η) with η for suction parameter and Schmidt number S . 
Final remarks
In this study the series solution for the velocity field, temperature field and concentration distribution are constructed. Analytic solutions are more important than the numerical solutions because they are valid on the whole domain of the definition, where as numerical solutions are [26] shows that our results are in good agreement with those of Das et al. [26] . The same type of behavior as in case of Das et al. [26] for velocity field, temperature field and concentration distribution are ob- (1) and (4) are solved numerically and convergence is not discussed. We have following observations about the effects of pertinent parameters in the flow field on the velocity, temperature, skin friction, rate of heat transfer and on concentration:
• With the increase in suction parameter velocity of the flow field decreases at all points and when the suction parameter becomes larger than this decrease in the velocity is faster.
• Porosity parameter decelerates the velocity of the flow field at all points.
• Grashof number for heat transfer and mass transfer accelerate the velocity of the flow field at all points.
• With the increase in Schmidt number velocity of the flow field decreases at all points.
• The temperature of the flow field decreases at all points with the increase in suction.
• Larger suction leads to faster cooling of the fluid and plate.
• With the increase in Prandtl number temperature of the flow field decreases in magnitude.
• Larger Schmidt number leads to faster decrease in concentration of the flow field.
• When porosity parameter becomes larger, the concentration distribution of the flow field decreases faster.
• With an increase in suction skin friction at the wall increases.
• With an increase in suction rate of heat transfer at the wall increases.
